Leiomyosarcoma is one of the most frequent sarcoma histotypes and represents about 15% of all soft tissue sarcomas. 1 The diagnosis of leiomyosarcoma is clinically important because it has been reported that soft tissue sarcomas showing a myoid differentiation, most often a smooth muscle differentiation, are more aggressive than those with no myoid differentiation. 2, 3 However, the distinction between a poorly differentiated leiomyosarcoma and an undifferentiated spindle cell or pleomorphic sarcoma based on morphological features only is often difficult and difficult to reproduce. In this situation, immunohistochemistry is very helpful. Although myogenin and MyoD1, myogenic transcriptional regulatory proteins, are considered sensitive and specific markers for rhabdomyosarcomas, 4 there is no sensitive and specific single marker for identifying a smooth muscle differentiation. Markers regularly used for the diagnosis of smooth muscle tumors are desmin, an intermediate filament and smooth muscle actin, a thin filament, 5 along with calponin and h-caldesmon, both involved in smooth muscle contraction. 6, 7 Smooth muscle actin and desmin are generally expressed in many different types of skeletal muscle, smooth muscle, myofibroblastic and myoepithelial tumors, as well as in other lesions. Therefore, rigorous criteria should be used to interpret positive myogenic markers in the diagnosis of leiomyosarcomas. 5, 8, 9 H-caldesmon is reputedly specific to smooth muscle differentiation but lacks sensitivity (Se) . 6, 7 Calponin is quite useful to assess smooth muscle differentiation although it is probably more frequently used to detect myoepithelial or myofibroblast lineage. 6, 7 A novel marker, transgelin, a 22 kDa actin-binding protein of the calponin family, also correlates with smooth muscle differentiation. 10 The promoter of the gene is the target of the transcriptional activator serum response factor of which myocardin acts as a cofactor. 11 In an unpublished study, Aurias et al (Institut Curie, France), isolated target genes of myocardin through gene expression profiling using sarcoma cell lines and found that transgelin was one of the most represented in leiomyosarcomatous differentiation. In this study, we aimed to establish whether or not transgelin is a useful addition to the other better-known smooth muscle differentiation markers, in leiomyosarcomas versus all other sarcomas including gastrointestinal stromal tumors (GIST), and secondly in leiomyosarcomas versus specific tumor types. The diagnostic performance of transgelin was compared with that of smooth muscle actin, desmin, h-caldesmon and calponin in a large series of benign and malignant mesenchymal lesions irrespective of the line of differentiation or anatomic site.
Materials and methods

Tumor Selection
Nine hundred soft tissue tumors were selected from the French Sarcoma Group's archived paraf- fin-embedded tissue collection: 184 leiomyosarcomas, 143 undifferentiated pleomorphic sarcomas, 80  desmoid tumors, 68 myxofibrosarcomas, 65 dedifferentiated liposarcomas, 60 synovial sarcomas, 50  GIST, 45 dermatofibrosarcoma protuberans, 36 spindle cell/pleomophic lipomas, 26 nodular fasciitis,  19 pleomophic liposarcoma, 13 well-differentiated  lipoma-like liposarcomas, 12 pleomorphic rhabdomyosarcomas, 11 myxoid/round cell liposarcomas,  10 adult fibrosarcomas, 10 alveolar rhabdomyosarcomas, 10 embryonal rhabdomyosarcomas, 8 Ewing  sarcomas, 6 soft tissue osteosarcomas, 6 clear cell  sarcomas, 5 schwannomas, 5 leiomyomas, 5 angiomas, 3 myxomas, 3 angiosarcomas, 3 soft part  alveolar sarcomas, 3 extra-skeletal myxoid chondrosarcomas, 2 desmoplastic small round cell tumors,  2 neurofibromas, 2 perineurinomas, 1 sclerosing fibrosarcoma, 1 malignant peripheral nerve sheath tumor, 1 giant cell tumor of the tendon, 1 myofibroblastoma and 1 granular cell tumor. Diagnosis of leiomyosarcoma was based on criteria derived from Fletcher et al's 2 and Deyrup et al's 3 reports: a tumor that at least focally showed the presence of eosinophilic spindle cells with vesicular bluntended nuclei arranged in a fascicular pattern. Such foci always accounted for at least 5 to 10% of the surface examined. Tumors with these characteristics were also required to show extensive positivity for smooth muscle actin or calponin, or focal and strong positivity for desmin or h-caldesmon. The leiomyosarcoma differentiation level has been evaluated according to the differentiation score used for the French sarcomas grading system, which is based on histological aspects only. 12 In all, 65 cases out of 184 (35%) were defined as poorly differentiated (differentiation score of 3) and therefore needed immunohistochemistry to obtain a diagnosis of leiomyosarcoma. Undifferentiated pleomorphic sarcomas were defined as pleomorphic/spindle cell sarcoma with no evidence of a specific line of differentiation. 2, 13 All tumor slides were reviewed in full sections for diagnosis confirmation before tumor selection.
Tissue Micro-Array
All samples were paraffin embedded and formalin fixed. A total of 816 tumors were examined in tissue micro-array blocks with three spots of 1 mm per sample. The rest were examined in full sections. In the dermatofibrosarcoma protuberans subgroup, 15 tumors were examined in tissue micro-array with all markers, and 30 in whole sections with transgelin alone.
Immunohistochemistry
Slides of 4-um-thick tissue sections were incubated at room temperature in standard CC1 buffer (Ventana), revealed with 'Ultra View' Universal DAB kit and stained with Hematoxylin ReaDi solution (Ventana). They were treated on automate VENTA-NA-Benchmark-XT with the following antibodies: smooth muscle actin (clone: 1A4; pre-treatment: CC1; prediluted; source: Ventana), desmin (clone D33, pre-treatment: CC1 ct; dilution: 1/50, source: DAKO), caldesmon (clone Hcd, pre-treatment: CC1 std; dilution: 1/50; source: DAKO), calponin (clone CALP; pre-treatment: CC1 std, dilution: 1/100, source: Biogenex) and transgelin (clone SM22 ALPHA; pre-treatment: none; dilution: 1/500, source: Abcam).
Descriptive Statistics
Patterns of positivity were analyzed for benign tumors with at least three specimens (desmoid tumor, nodular fasciitis, leiomyoma, schwannoma, angioma myxoma and spindle cell lipoma) and sarcomas with at least 12 specimens (leiomyosarcomas, undifferentiated pleomorphic sarcomas, myxofibrosarcomas, dedifferentiated liposarcomas, synovial sarcomas, GIST, dermatofibrosarcoma protuberans, pleomophic liposarcoma, well-differentiated lipoma-like liposarcomas and pleomorphic rhabdomyosarcomas). For all tumors, positive cases were defined as those with at least 5-10% of marked tumor cells. Positivity was further divided into focal (o 50% cells labeled) and diffuse (4 50% cells labeled) patterns.
Diagnostic Performance
Classical 2 Â 2 tables were used for estimating the diagnostic performance of each marker (desmin, smooth muscle actin, calponin, h-caldesmon and transgelin). The diagnostic performance of all markers including transgelin was calculated for the diagnosis of leiomyosarcomas compared with other sarcomas as a whole, and then compared with other subtypes (undifferentiated pleomorphic sarcomas, myxofibrosarcomas). The following criteria were calculated: Se, specificity (Sp) , positive predictive value (PPV), negative predictive value (NPV) and accuracy (A: true positives plus true negatives divided by all cases). The 95% confidence intervals (CIs) were calculated in all cases. We did not calculate P-value in case of diagnostic performance comparison, because the reading of 95% CI was sufficient to establish the superiority of one marker over the other ones.
Results
Benign Soft Tissue Tumors
Patterns of positivity are detailed in Table 1 for tumor types with at least three cases. In desmoid tumors ( Figure 1 ) and nodular fasciitis (Figure 2) , smooth muscle actin, calponin and transgelin showed similarly high Se rates. Reactivity to h-caldesmon and desmin was weak to absent for these tumors. All five leiomyomas showed diffuse positivity for all markers except transgelin (focally positive in three tumors). In angiomas, the tumor vessel walls were reactive with varying intensity for actin, calponin, caldesmon and transgelin, although desmin positivity was inconstant. No myogenic markers were expressed by schwannomas, myxomas or spindle cell lipomas. Among the least represented tumor types, one angioleiomyoma and two angiomyolipomas showed diffuse labeling by smooth muscle actin, calponin, h-caldesmon and transgelin, and not at all by desmin. One myofibroblastoma expressed only desmin. Other tumors tested were negative for all markers (one giant cell tumor of the tendon, two neurofibromas, two perineurinomas and one granular cell tumor).
Sarcomas
(i) Patterns of positivity are detailed in Table 1 for tumor types with at least 12 cases. In leiomyosarcomas ( Figures 3 and 4) , transgelin was the most consistently expressed marker (positive in 84% of cases) and desmin the least expressed (29% of cases), whereas h-caldesmon was positive in half of the cases and calponin in a little 475%. Less than 25% of undifferentiated pleomorphic sarcomas ( Figure 5 ) were reactive to all markers considered; in particular, h-caldesmon positivity was not Transgelin in mesenchymal tumors observed. These rates were even lower in myxofibrosarcomas where none exceeded 12% in positivity. The other sarcomas showed extremely variable positivity for transgelin. This marker is virtually unexpressed in GIST where only limited traces were found in one case (o 5% of tumor cells labeled).
In dedifferentiated liposarcomas, a little o20% of cases showed labeling for transgelin, 28 to 46% for actin, desmin, calponin and 5% for h-caldesmon. In all, 12% of synovial sarcomas reacted with transgelin, and two-thirds with calponin, the other markers being negative. In dermatofibrosarcomas protuberans, 6 of the 15 tumors in tissue micro-array showed focal reactivity with transgelin (40%) and 2 with calponin (13%), whereas actin, desmin and h-caldesmon remained negative. Of the 30 dermatofibrosarcomas protuberans studied in full sections (with transgelin alone), 6 showed at least focal expression of transgelin, with 1 of these being diffusely labeled, accounting for a 30% overall positivity rate for transgelin in these tumors. Among the less wellrepresented tumor types: in pleomorphic rhabdomyosarcomas, desmin was the only marker labeling all tumors, one tumor showed focal positivity for actin, one for calponin and five for transgelin whereas h-caldesmon always had negative positivity. In alveolar rhabdomyosarcomas, desmin was consistently expressed. One tumor reacted focally with transgelin whereas smooth muscle actin, caldesmon and calponin remained negative. All embryonal rhabdomyosarcomas remained unreactive to the markers except desmin. Well-differentiated liposarcomas showed no reactivity for any marker. The two desmoplastic round cell tumors showed diffuse positivity for desmin, focal positivity for calponin and transgelin and none for smooth muscle actin. Two of the eight Ewing sarcomas reacted focally with calponin only. The one extraskeletal myxoid chondrosarcoma of the series showed focal positivity for desmin, with no labeling (ii) Diagnostic performance is summarized for each marker in Table 2 (for leiomyosarcomas versus all other sarcomas), Table 3 (for leiomyosarcomas versus undifferentiated pleomorphic sarcomas) and Table 4 (for leiomyosarcomas versus myxofibrosarcomas) as these are the main tumor types not subjected to any specific diagnostic methods. For the diagnosis of leiomyosarcomas versus all other sarcomas including GIST, transgelin emerged as the best diagnostic marker with 83% Se, 82% Sp, a PPV of 67%, a NPV of 92% and an accuracy rate of 83%. In leiomyosarcomas versus undifferentiated pleomorphic sarcomas and versus myxofibrosarcomas, the rates of accuracy of transgelin were still among the highest, varying from 80% in leiomyosarcomas versus undifferentiated pleomorphic sarcomas to 85% in leiomyosarcomas versus myxofibrosarcomas, whereas for all the other markers rates varied from as low as 59% for desmin in leiomyosarcomas versus myxofibrosarcomas, to 80% for actin in leiomyosarcomas versus undifferentiated pleomorphic sarcomas.
Discussion
The primary endpoint of this study was the statistical evaluation of the immunodiagnostic accuracy of transgelin compared with that of the four most frequently used markers involved in smooth muscle differentiation (smooth muscle actin, desmin, h-caldesmon and calponin) in leiomyosarcomas versus all other sarcomas including GISTs. The secondary endpoint was immunodiagnostic accuracy of transgelin in leiomyosarcomas. 
Se of Smooth Muscle Markers for the Diagnosis of Leiomyoma
For the diagnosis of leiomyoma versus other benign tumors, the diagnostic performance of transgelin is not superior to that of actin and h-caldesmon. Our series also confirms previous reports in myofibroblastic lesions, where desmin positivity is infrequently observed [14] [15] [16] and where h-caldesmon positivity is absent. 6 In contrast to these markers, transgelin seems to have a role in these lesions.
Se of Smooth Muscle Markers for the Diagnosis of Leiomyosarcomas
We were particularly interested in examining the diagnosis of leiomyosarcomas versus all other sarcomas, and of leiomyosarcomas versus lesions with no specific diagnostic markers (undifferentiated pleomorphic sarcomas and myxofibrosarcomas), because the immunodiagnostic accuracy of the markers in other settings, such as GIST, dedifferentiated liposarcomas, and synovial sarcomas, seemed irrelevant as these can easily be diagnosed via specific methods. In this study, smooth muscle actin and calponin share the same Se in leiomyosarcomas (75-76%). In other series, the calponin positivity rate in leiomyosarcomas was 90% in conventional tumors, and lower in the pleomorphic type (approximately 71% in the fascicular areas and 57% in the pleomorphic areas), 17 whereas in this study, leiomyosarcomas were more generally most reactive to transgelin. Miettinen et al's data 6 also exhibited high Se for calponin and caldesmon (82-100%) in 31 retroperitoneal and 11 uterine leiomyosarcomas, in comparison with another study of 30 leiomyosarcomas where h-caldesmon was found to be expressed in only 36% of cases and calponin in 86%. 7 But retroperitoneal and uterine leiomyosarcomas are in general considered to be well-or moderately differentiated tumors, 7 which might explain the higher h-caldesmon reactivity rate in Miettinen et al's series. 6 Desmin appears to be the least sensitive of all markers in this study, although its expression in leiomyosarcomas has been shown to be extremely variable in published series, ranging from 50 to almost 100% positivity. 7, 18, 19, 20 More particularly, this study showed that transgelin is the most sensitive marker in leiomyosarcomas, emerging as a basic immunostain useful in the diagnosis of leiomyosarcomas, especially in those cases with incomplete immunophenotypes potentially not displaying labeling with actin, desmin, calponin or h-caldesmon. When smooth muscle actin is negative, calponin, desmin and h-caldesmon are also more likely to be negative, except for in GIST and rare cases of the so-called 'inflammatory leiomyosarcomas'. The latter are known to show only focal expression of actin and/or h-caldesmon, yet significant reactivity for desmin. 21, 22 Out of the five markers covered in this study, only h-caldesmon appears to be specific to true smooth muscle differentiation, confirming the results of previous studies. 6, 7 Actin is nonspecific and is found in a subset of rhabdomyosarcomas, 23, 24 and in one pleomorphic rhabdomyosarcoma in this study. There are also reports of rare actin expression in neurofibromas, melanocytic tumors, schwannomas or in malignant peripheral nerve sheath tumors. 25 Similarly, other markers such as calponin and transgelin are observed not only in tumors of partial smooth muscle (myofibroblastic) lineage as discussed above, but also in nonmyogenic tumors such as synovial sarcomas and dermatofibrosarcomas protuberans. One previous study with synovial sarcomas reports immunostaining reactivity rates that are similar to in our study, with 62% of monophasic-type tumors expressing calponin. 6 A subsequent study investigating a series comprises full sections of both monophasic and biphasic synovial sarcomas found all tumors to be reactive to calponin. 26 In particular, all monophasic tumors showed positivity. The authors suggested the use of that marker to distinguish poorly differentiated tumors from other small round cell tumors. Our own results, in agreement with previous reports, 6 show less Se in tissue micro-array sections but nevertheless confirm that most synovial sarcomas are reactive to calponin. We were not able to confirm the rare desmin positivity that has been reported, 27 although our results share similarities with the aforementioned study in that respect. 6 The results obtained for h-caldesmon are similar to those of two other studies, which failed to demonstrate any reactivity in synovial sarcomas, 6,27 although a further study found four tumors to be weakly positive. 26 As for dermatofibrosarcomas protuberans, this is the first report of positive transgelin immunostaining. Calponin reactivity has been noted previously 26 with somewhat higher Se in whole sections than in this tissue micro-array study. A greater number of tumors would need to be studied to replicate these findings.
In summary, our results confirm that out of smooth muscle actin, desmin, h-caldesmon, calponin and transgelin, only h-caldesmon is specific to smooth muscle differentiation. Transgelin is absent in GIST and in particular results indicate that for any lesion suspected to be a leiomyosarcoma, an undifferentiated pleomorphic sarcoma, or a myxofibrosarcoma, this marker, although lacking Sp, can be used as an additional marker useful for decision making. This is especially of interest when confronted with a probable leiomyosarcoma with a potentially incomplete immunophenotype such as is likely to be the case in tumors of the limbs compared with the generally well-differentiated retroperitoneal lesions. What might be considered a bias in this study is the omission of lesions such as PEComas, myofibroblastic sarcomas, myoepitheliomas, or cutaneous undifferentiated pleomorphic sarcomas/atypical fibroxanthomas. Finally, although this is beyond the scope of this study, any new marker of myogenic differentiation should be studied not only in terms of diagnostic performance but also for prognostic potential.
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